matrix (ADM). In recent years, breast implants have been frequently placed in the subcutaneous pocket, in the so-called prepectoral approach. In the early stages of breast reconstruction, implant-based breast reconstruction (IBR) was routinely performed in the subcutaneous plane in patients who underwent radical mastectomy in which the pectoralis major muscle was sacrificed, but the popularity of this technique has decreased because of a high incidence of capsular contracture and a high rate of implant extrusion [1] [2] [3] . Thereafter, modified radical mastectomy preserving the pectoralis major muscle has been frequently performed in patients with breast cancer; in these procedures, the breast implant is placed under the pectoralis major muscle and/or the serratus muscle to protect it [4] . Breasts reconstructed with implants positioned with total muscle coverage frequently show an unnatural appearance and considerable asymmetry compared to the contralateral normal breast, which has a tear-drop appearance. ADM, a recently developed product, has been used to provide supplemental support for the inferolateral portion of the implant when the pectoralis major muscle is lacking and to correct rippling deformities in IBR since 2001 [5] . The so-called dualplane breast reconstruction technique, in which the superior part of the breast implant is covered with the pectoralis major muscle, while the inferior part is covered with an ADM sling, has gained popularity [6, 7] . Subcutaneous IBR has been reattempted with the assistance of ADM. In 2017, Woo et al. [8] reported a series of subcutaneous IBR procedures, wherein a 16 × 20 cm ADM sheet was used to cover the entire anterior surface of the breast implant placed in front of the pectoralis major muscle in patients who underwent nipple-sparing mastectomy. Since then, prepectoral IBRs have been attempted and some initial case series have been reported [9, 10] .
Herein, we report our technique of prepectoral IBR, along with its surgical and aesthetic outcomes, in comparison with cases of subpectoral IBR. We also discuss the considerations and pitfalls of prepectoral IBR and suggest an algorithm for the selection of patients for IBR based on our experiences.
METHODS
Between March 2017 and September 2018, we performed a total of 79 immediate breast reconstructions using a breast implant (Mentor CPG silicone gel implant; Johnson & Johnson, New Brunswick, NJ, USA) and an ADM sling (47 subpectoral, 32 prepectoral). Through a retrospective chart review, the demographic information, clinical data, and surgical outcomes of patients who underwent IBR were obtained. This study was approved and performed under CHA Bundang Medical Center Institutional Review Board guidelines (IRB No. 2018-11-031-004).
The factors influencing the choice of the prepectoral plane were patient consent, tumors located more than 1 cm from the anterior surface of the pectoralis muscle or chest wall, and a clinically well-perfused mastectomy flap without visible dermis. All reconstructions were performed by a single surgeon (EH), while the mastectomies were performed by two different breast surgeons (S.K.K. and S.A.L.).
In total, 36 two-stage IBR procedures (20 subpectoral and 16 prepectoral) and 43 direct-to-implant (DTI) IBR procedures (27 prepectoral and 16 subpectoral) were performed. An ADM sling supplemented the inferolateral side of the breast prosthesis in the subpectoral group and covered the entire anterior surface of the breast prosthesis in the prepectoral group. Two kinds of ADM (MegaDERM; L&C Bio, Seongnam, Korea and CG CRYODERM; CG Bio, Seongnam, Korea) were used in all patients.
Operative technique of prepectoral IBR
The oncologic breast surgery team performed total mastectomy procedures (either nipple-sparing or sacrificing the nipple-areolar complex) in this series. In the first step of prepectoral reconstruction, we placed the selected temporary breast sizer in the subcutaneous pocket and temporarily sutured the skin. With the patient in the upright sitting position, the inframammary fold was marked at the same level of the contralateral breast. A large one-piece ADM mesh (18 × 14 cm or 16 × 14 cm) with a 2.5-to 3.0-mm thickness was draped over the breast mound created with an adequate breast sizer. The inframammary fold level was marked on the ADM mesh 1.5-2 cm above the lower margin of the ADM. The ADM mesh was pulled up to cover the entire breast implant and the superior part beyond the superior border of the breast implant. The remaining ADM mesh was cut out and added to the inferolateral side of the ADM mesh to elongate it to completely cover the inferolateral breast implant. After removal of the temporary breast sizer, the ADM was fixed along the inframammary fold with 5-6 pillow anchoring sutures, and the 1.5-to 2-cm-long cuff of the ADM mesh was manipulated into an internally-folded tongue-in-groove pattern and fixed to the underlying deep fascia with #3-0 polydioxanone (PDS) sutures to support it along the inframammary fold. A permanent breast implant or tissue expander was placed under the ADM mesh, which was pulled up superiorly to cover the breast implant. The superior part of the ADM (usually 2-3 cm from the superior margin of the breast implant; with a triangular shape) was tightly fixed to the pectoralis muscle with #2-0 Vicryl sutures and/or #3-0 PDS sutures. The lateral and medial margins of the ADM mesh were also fixed to the underlying muscle and fascia to prevent implant migration or rotation ( Fig.  1 ). Two Jackson-Pratt drains were placed in the lateral and inferior sides and the subcutaneous tissue was repaired with #3-0 Vicryl, #4-0 Vicryl, and #5-0 Nylon sutures. After the inframammary fold was checked again, a compressive dressing was placed with an elastic bandage. The drain was removed once < 30 mL/ day of fluid was collected for 2 consecutive days.
Assessment of postoperative complications and aesthetic outcomes
Acute postoperative complications were defined as those occurring up to 90 days after reconstructive surgery, including infection, seroma, hematoma, flap necrosis, implant failure, and wound dehiscence. Flap necrosis was defined as a necrotic area over 2 × 2 cm 2 , and delayed wound healing referred to wound problems requiring revision due to wound dehiscence.
Outcomes relating to cosmesis, including capsular contracture, rippling deformity, and animation deformity, were assessed by two physicians using chart reviews and photographs obtained at least 3 months after DTI breast reconstruction or implant change in the second stage of IBR. Postoperative pain scores were recorded using the mean numeric rating scale (NRS) value obtained on 2 consecutive days starting on the first postoperative day. Postoperative pain was controlled using patient-controlled analgesia (PCA), which contained 150 μg of Sufental (sufentanil citrate, 3 ampoules), and 0.3 mg of Nasea (ramosetron HCl, 1 ampoule) in normal saline (total volume of 100 mL) in most patients, or 2 g of Denogan (propacetamol hydrochloride) three times a day for pain control in patients who complained of side effects of PCA, such as nausea and dizziness. Animation deformity was evaluated in the slightly bent position with patients' palms pressed together strongly. Capsular contracture was estimated using Baker classification system and rippling deformity was evaluated using a grading system suggested by Pantelides and Srinivasan [11] (grade 1, mild: rippling is palpable but not visible; grade 2, moderate: rippling is visible only when a patient bends forward; and grade 3, severe: rippling is visible in upright standing position).
Statistical analysis
Statistical analyses were performed using SPSS for Windows version 25.0 (IBM Corp., Armonk, NY, USA). The results are presented as mean ± standard deviation or as the number of cases with percentage in brackets. For intergroup comparisons, the data were analyzed using the Student t-test, Pearson chi-square test, and Fisher exact test. For all tests, P-values < 0.05 were considered to indicate statistical significance.
RESULTS
A total of 79 cases (47 subpectoral, 32 prepectoral) were analyzed in 73 patients. There were 43 DTI reconstruction cases and 36 cases of two-stage IBR with a tissue expander. Six patients underwent bilateral reconstruction, while the remaining 67 patients underwent unilateral reconstruction. The patients' Table 1 . The patients' mean age was 46.40 years in the subpectoral group and 48.91 years in the prepectoral group. The mean breast tissue weight after mastectomy was 272.03 g in the subpectoral group and 343.88 g in the prepectoral group. The patients' demographics were similar between the two groups ( Table 1 ). The median follow-up period was 50.0 weeks in the entire population, 47.7 weeks in the prepectoral group, and 55.9 weeks in the subpectoral group. On average, drains remained present for 11.06 days in the subpectoral group vs. 8.48 days in the prepectoral group, while the postoperative pain score was 7.17 in the subpectoral group vs. 1.78 in the prepectoral group. The patients who underwent prepectoral reconstruction complained of much less pain on the first and second postoperative days than those who underwent subpectoral reconstruction. Seroma was more common in the prepectoral group (6.4% in the subpectoral group vs. 31.3% in the prepectoral group). In patients who underwent prepectoral reconstruction, seromas most commonly occurred in the upper pole of the breast implant. Hematoma occurred in no cases in the prepectoral group, but occasionally developed in the subpectoral group (0% vs. 14.9%, respectively). Other postoperative complications, such as surgical site infection, flap necrosis, implant failure, and wound dehiscence, occurred with a similar frequency in both groups ( Table 2) . A delayed infection occurred in one patient in the prepectoral group.
In the analysis of aesthetic outcomes, animation deformities were observed in 8.5% of cases in the subpectoral group and Baker grade III capsular contracture occurred in one case in the subpectoral group. Rippling deformities were more frequently observed in the prepectoral group (12.8% in the subpectoral group vs. 21.9% in the prepectoral group) ( Baker's grade III.
Table 2. Comparison of outcomes between prepectoral and subpectoral IBR
formed four revisional procedures for rippling deformities using fat grafts (three cases) or filler injections (one case).
DISCUSSION
Prepectoral approaches have been attempted with the assistance of ADM. A variety of studies have reported the benefits and adverse effects of ADM slings in IBR. The advantages of ADM include a reduced incidence of capsular contracture, and ADM tends to protect the skin from the adverse effects of radiotherapy [12, 13] . It also enables the inframammary fold to be adjusted to a proper position [14] . Breast implant rippling and visibility can be reduced by covering the inferolateral part of the implant [15] . These advantages of ADM slings seem to overcome their high cost and adverse effects, including an increased seroma rate. In recent years, prepectoral breast reconstruction (subcutaneous breast reconstruction with an ADM sling covering the entire breast implant placed in the original space of the breast) has been receiving increased attraction. Prepectoral placement of the breast implant eliminates the undermining and detachment of the pectoralis muscle from the chest wall, with several advantages, including a considerable reduction in postoperative pain, the absence of animation deformities, and less discomfort during movement of the arm and shoulder. However, concerns persist about its application in patients with thin mastectomy flaps, insufficiently vascularized flaps, or postoperative rippling deformities. Several reports have compared the prepectoral and subpectoral approaches. According to Nahabedian and Cocilovo [16] , surgical site infections occurred more frequently in prepectoral reconstructions (8.1% vs. 4.8%), and seroma formation and postoperative hematoma were likewise more common in patients who underwent prepectoral reconstructions (seroma: 4.8% vs. 2.4% and hematoma: 4.8% vs. 0%). Chandarana et al. [17] concluded that there were no specific differences in acute complications [17] . Baker et al. [18] reported that there was no significant difference in length of stay or early morbidities, but that patients who received prepectoral reconstructions were dissatisfied with the visible rippling of the implant (7 of 13 in the prepectoral group vs. 2 of 17 in the subpectoral group).
In our series, rippling deformities developed in seven of 32 cases in the prepectoral group (21.9%). There were two cases of grade III severe rippling deformities and four cases of grade II moderate rippling deformities. The incidence of rippling deformities was lower than was presented in a previous report [18] . We think that this discrepancy can be explained by our use of thick ADM and the fact that we usually performed prepectoral IBR in patients with a thick skin flap after total mastectomy in which the thin periareolar skin was sacrificed. In addition, Asian women generally have moderate-sized or small breasts without severe ptosis. Two of our patients with severe rippling deformities had large breasts with moderate ptosis and underwent nipple-sparing mastectomy and prepectoral IBR. Mastectomy of a large ptotic breast produces a large area of thin skin, which is wider than the area needed to cover an adequately sized breast implant. The left-over thin skin flap is likely to result in a rippling deformity. Methods of correcting rippling deformities include fat grafting on the subcutaneous tissue to decrease the degree of rippling, use of a larger breast implant than the patient's actual breast volume, or reduction of the breast pocket by capsulorrhaphy with or without reduction of the excessive skin. In bilateral cases, rippling deformities are rare, because a breast implant larger than the previous breast volume is used. The rate of wound problems or flap necrosis was similar in both groups. The rate of flap necrosis was relatively high in both groups, because we did not remove poorly vascularized areas of the mastectomy flap intraoperatively. We repaired the necrotic areas of mastectomy skin flaps after the area was fully demarcated. We performed prepectoral IBR in all patients except those with a tumor close to the pectoralis muscle or a very thin mastectomy skin flap. After performing 32 prepectoral IBRs, we needed to establish reasonable selection criteria for prepectoral IBR to ensure better outcomes. To obtain good IBR outcomes, the most important consideration is patient selection with the goal of minimizing postoperative complications. We created an algorithm for patient selection based on our experiences (Fig.  2) . First, before the operation, breast magnetic resonance imaging (MRI) should be reviewed to assess the tumor location and size. If the tumor is located close to the chest wall, especially the pectoralis major muscle, or if the tumor is > 3 cm, subpectoral IBR is preferable. It is easy to detect cancer recurrence when the pectoralis major muscle is anteriorly displaced in front of a breast implant, rather than behind the prosthesis. Furthermore, in cases of postmastectomy radiation therapy (PMRT), the radiation field can be decreased and limited to the superficial layer above the breast implant. Most of our cases were early-stage breast cancers. Therefore, very few patients underwent PMRT and the rate of radiation therapy-induced pathologic capsular contracture was relatively low. The reason for this might be that PMRT at our institution was conducted in accordance with the European Society of Radiation and Oncology consensus guideline, which recommends the anterior surface of the pectoralis major muscle as the dorsal border of the chest wall clinical target volume (CTV), stating that "unless invasion was demonstrated (tumor stage T4a and T4c) there is no reason for routinely including the major pectoral muscle and the ribs in CTV_thorac-ic wall" [19] . Furthermore, according to the 2019 ESTRO (European Society for Radiotherapy and Oncology) guideline, if the dorsal fascia of the breast does not show cancer involvement, the CTVp_chest wall (where "p" indicates primary) for PMRT should not include the deep lymphatic plexus, and the dorsal margin of the CTV should be at the ventral side of the implant in IBR using a retro-pectoral implant. After IBR using a prepectoral positioned implant, the CTVp_chest wall is composed of two parts, reflecting the division of the prepectoral volume into two parts by the implant (the ventral part between the skin and the implant, containing the subcutaneous lymphatic plexus and eventual residual glandular tissue, and the dorsal part between the implant and the pectoral muscle/chest wall, containing eventual residual glandular tissue), which should only be included in the presence of adverse tumor-related factors [20] . We set the safety margin at a distance of 1 cm from the pectoralis major muscle when the prepectoral approach was selected. In some studies [9, 10] , a 0.5-cm distance was suggested, but we think that 0.5 cm is too narrow because breast MRI is usually taken in the prone position and the breast tissue is shown as more elongated than its actual position. Therefore, we prefer a 1.0-cm distance from the anterior surface of the pectoralis muscle on MRI to secure a substantial safety margin. When the cancer is located more than 1 cm from the pectoralis major muscle on MRI, prepectoral IBR can be preoperatively considered. Then, we assess the vascularity of the mastectomy flap in the operative field after the mastectomy is performed by the breast surgery team. If the vascularity of the skin flap is estimated to be poor in a clinical examination (confirming the subdermal plexus of the skin flap) or based on fluorescence angiography with indocyanine green, delayed reconstruction or subpectoral IBR with a tissue expander is considered depending on the extent of the poorly vascularized area. The next step is measurement of the thickness of the mastectomy flap. If the thickness approaches 1 cm or the subcutaneous fat tissue is well-preserved in the mastectomy skin flap, the flap is considered to be well-vascularized and a very good candidate for prepectoral IBR. However, skin flaps with a thickness approaching 1 cm are uncommon, especially in patients with large ptotic breasts or in slim patients, whose skin flaps are relatively thin. Even if the mastectomy skin flap is less than 1 cm thick, skin flap vascularity is not problematic if the subdermal plexus traveling between the subcutaneous fat globules are not broken down during mastectomy. If the mastectomy flap is too thin and its vascularity is undetermined, we prefer subpectoral IBR. For mastectomy flaps with good vascularity, but insufficient subcutaneous fat tissue, subpectoral IBR is also preferable. A thin mastectomy flap is likely to develop a rippling deformity. In addition, large ptotic breasts are not good candidates for prepectoral IBR, because they usually have thin skin. Thin skin envelopes are loose and do not usually fit the breast implant counterpart of the contralateral normal breast, and especially in cases of nipple-or skin-sparing mastectomy, rippling deformities develop frequently. However, in patients who undergo breast reconstruction using a tissue expander following total mastectomy sacrificing the nipple-areolar complex, the mastectomy skin flap is rather thick and secondary procedures such as fat grafting, capsulorrhaphy, or other ancillary procedures that correct the rippling deformity can be performed in the second stage. Prepectoral IBR can be also used in those patients. We think that rippling deformities in patients who undergo IBR are influenced by various factors, including mastectomy flap thickness, breast implant type and size, ADM thickness and fixation technique, mastectomy type (nipple-or skin-sparing mastectomy, total mastectomy), and reconstruction method (DTI or tissue expander). Favorable conditions for preventing rippling deformity in prepectoral IBR include a thick mastectomy flap with sufficient subcutaneous fat tissue, moderate to high body mass index, small to moderately-sized breasts, lack of ptosis, a tight skin envelope, use of an oversized breast implant, and tight fixation of a thick ADM mesh.
To conclude, favorable indications for prepectoral IBR include moderately-sized breasts with a thick well-vascularized mastectomy flap and concomitant bilateral breast reconstruction including prophylactic mastectomy. Prepectoral IBR may be a good surgical option in properly selected cases.
NOTES

